The HD patient samples studied were taken partly from families used for genetic linkage studies 10 11 and partly from families who had requested genetic prediction. Seventy-six families were used for the study, not all families being informative with all the probes. All were of Caucasian origin, 47% being from Wales and the remaining 53% from various regions of England. The normal chromosomes used to establish non-HD allele frequencies were derived from spouses from HD families and the normal chromosome of affected subjects. The geographical origin of both HD patients and unaffected people was therefore similar.
Since the localisation of the gene for Huntington's disease (HD) to the distal short arm of chromosome 4 by linkage to the DNA marker D4SJO ( 
Methods
The HD patient samples studied were taken partly from families used for genetic linkage studies 10 11 and partly from families who had requested genetic prediction. Seventy-six families were used for the study, not all families being informative with all the probes. All were of Caucasian origin, 47% being from Wales and the remaining 53% from various regions of England. The normal chromosomes used to establish non-HD allele frequencies were derived from spouses from HD families and the normal chromosome of affected subjects. The geographical origin of both HD patients and unaffected people was therefore similar.
Results
We have already reported that there is no linkage disequilibrium between D4SJO and HD"1' (table).
Similarly, there is no significant disequilibrium between HD and either D4S90 or D4S141, two mar-673 (table) .
Probe pBS731B-C (locus D4S98) detects a three allele polymorphism with SstI. One of the alleles only appeared in three patients and owing to the pedigree structure phase could not be established, so we treated the results as a two allele system for analysis. The HD gene segregates with allele 2 more often than expected resulting in a x2 of 13-13, again significant at the 99% level.
Discussion
The detection of strong linkage disequilibrium between HD and the loci D4S95 and D4S98 is of considerable significance for a number of reasons.
Firstly, it is directly relevant to the localisation of the HD gene and supports a localisation near to D4S95 and D4S98. The lack of disequilibrium at the more distal loci D4S90 and D4S141 also supports this conclusion. The distance from D4S98 to the telomere is at least 2000 kb and taken together all of these results support a proximal location for HD rather than one very close to the telomere as has been suggested. It is not possible to predict the position of the gene more accurately at present, though crossover data suggest that it is probably distal to D4S98.8 We are currently walking from both probes looking for expressed sequences.
It is difficult to reconcile these new data with the evidence from single crossovers, the majority of which, although in total less than 10, place the HD gene distal to all markers and consequently close to the telomere.8 Two possible explanations are that double crossovers are relatively common in this region, or alternatively that there is one very large gene or two genes involved and the particular population we have studied has only one mutation at the proximal locus. However, the use of disequilibrium mapping becomes more useful than the single crossover approach as one gets closer to the HD gene because it enables data from all families to be used rather than relying on a decreasing number of informative crossover events.
For linkage disequilibrium to be detected between two markers it is necessary that the markers are not only closely linked but also have very low mutation rates. The latter is known to be the case for HD, but the mutation rates of various RFLPs are less well understood. Our Linkage disequilibrium in Huntington's disease: an improved localisation for the gene Thirdly, it should be possible in future to use disequilibrium information in genetic prediction, either in conjunction with genetic linkage data, or in isolation when pedigree structure is inadequate. We would stress however that the disequilibrium we have observed with D4S95 and D4S98 is not specific enough for HD chromosomes to allow this to be done at present and that our results may not prove applicable to all populations.
